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[57] ABSTRACT 
A pulse combustor apparatus for burning solid fuel 
comprises a Rijke-type combustor tube and has a rotat-
ing fuel bed for defining a primary combustion zone 
adjacent the fuel bed. The rotating fuel bed tends to 
minimize agglomeration of solid fuel and accumulation 
of ash during combustion by agitating the solid fuel. An 
inlet conduit is provided for introducing a low nitrogen 
gaseous fuel to the combustion air upstream of the com-
bustion zone to minimize the formation of NOx in the 
primary combustion zone. In other embodiments, inlets 
are provided downstream of the primary combustion 
zone for introducing additional air or gaseous, low ni-
trogen fuel for air staging or reburning to minimize the 
emission of NOx. Sorbents, such as limestone, are intro-
duced above the bed to minimize S02 emissions. 
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PULSE COMBUSTOR APPARATUS 
2 
the NOx is formed by thermal processes acting on the 
nitrogen component of the combustion air. 
TECHNICAL FIELD 
The present invention relates to a pulse combustor 
apparatus that utilizes sound waves to intensify combus-
tion of a fuel, to increase combustion efficiency, to 
increase thermal efficiency, improve heat transfer, and 
Another problem associated with burning coal is the 
emission of sulphur dioxide (S02) as a result of the 
5 sulphur content of the coal. 
Thus, it can be seen that a need exists for a pulse 
combustor apparatus which can burn solid fuels, such as 
coal, effectively and efficiently while avoiding clogging 
and choking due to ash accumulation and agglomera-
to reduce pollution output. More particularly, the in-
vention relates to a pulse combustor apparatus adapted 
for burning solid fuel. 
10 tion, and while minimizing the output of NOx and S02. 
BACKGROUND OF THE INVENTION 
One problem associated with known pulse comb us tor 15 
apparatus of the type having a Combustor tube with 
open ends, i.e., a "Rijke" tube, is that it can be difficult 
to burn solid fuels, such as coal, therein efficiently and 
effectively. For example, if coal is burned in a Rijke 
tube using overfeed fuel bed burning, in which coal is 20 
added above a grate and air for combustion is intro-
duced from beneath the grate, the combustor apparatus 
can become choked or clogged rather quickly. This 
clogging of the combustor apparatus is caused in part by 
agglomeration of the coal and in part by accumulation 25 
of ash. Agglomeration of the coal is a result of a soften-
ing or melting of some of the constituents of the coal 
which causes the coal particles to stick together. Ag-
glomeration is detrimental to complete and efficient 
combustion in that some amount of coal inside of the 30 
agglomerated clump is not exposed to combustion air, 
but rather is insulated from contacting combustion air. 
Thus, unburned coal can accumulate on the grate in this 
way until the combustor tube is partially or completely 
clogged. The agglomerated coal also inhibits the pass- 35 
ing of combustion air through the bed. 
Ash accumulation can also act to clog the combustor 
tube. Ash is the inorganic residue resulting from the 
burning of coal and generally consists mainly of silica, 
40 
alumina, ferric oxide, and lime, along with smaller 
amounts of other compounds. Depending upon the 
source of the coal, ash content can be as little as 3o/c of 
the unburned coal or more than 25%. As the coal burns, 
ash melts and seals over a portion of the free carbon, 45 
thereby reducing the amount of carbon that can be 
burned. As the combustion of coal continues over time, 
the ash continues to accumulate and must be removed 
from the fuel bed. For example, in some furnaces, 
though not in known Rijke pulse combustors, coal is 50 
carried into a combustion chamber from one side by a 
conveyor and after the coal has been burned on &he 
conveyor, the resulting ash is carried out of the combus-
tion chamber by the same conveyor. 
Another problem with burning solid fuels, such as 55 
coal, in a Rijke Pulse combustor is that an undesirably 
large amount of pollution in the form of NOx is gener-
ated and emitted. The emission of NOx can present a 
more difficult problem when burning some solid fuels, 
such as coal, than when burning gaseous or liquid fuels. 60 
This is so because many solid fuels contain small but 
significant amounts of bonded nitrogen. For example, 
coal typically contains approximately 1 % to 1.5% ni-
trogen. During combustion, this fuel-borne nitrogen can 
combine with oxygen present in the combustion air to 65 
form NOx Indeed, in the combustion of coal in typical 
known apparatus, greater than 80% of the NOx formed 
is a result of fuel-borne nitrogen and Jess than 20% of 
It is to the provision of such therefore that the present 
invention is primarily directed. 
SUMMARY OF THE INVENTION 
In a first preferred form, the invention comprises a 
pulse combustor apparatus for burning solid fuels while 
avoiding choking and clogging due to ash accumulation 
and agglomeration of the coal. The pulse combustor 
apparatus includes a combustor tube having open ends 
and defining at least one combustion zone for burning 
solid fuel, the combustion zone being positioned to 
excite a standing wave in the combustion tube. Air inlet 
means are provided for supplying combustion air to the 
combustion tube and fuel inlet means are provided, for 
feeding solid fuel to the combustion zone. Fuel support 
means are positioned adjacent the combustion zone for 
supporting the solid fuel adjacent the combustion zone 
and for avoiding excessive agglomeration of the fuel 
and excessive accumulation of ash as the fuel burns. The 
fuel support means comprises a grate which is rotatably 
mounted within the combustor tube and is driven for 
rotation within the tube. This construction helps to 
maintain an even distribution of coal over the area of 
the grate and allows ash to fall therethrough, thereby 
avoiding excessive agglomeration of the coal and exces-
sive accumulation of ash upon the grate. 
In another preferred form, the invention comprises a 
pulse combustor apparatus adapted to burn solid fuel 
while minimizing the output of NOx. In one embodi-
ment thereof, the production of NOx is minimized by 
staging the combustion of the fuel. The pulse com bust or 
apparatus comprises a combustor tube having open ends 
and defining a primary combustion zone and a second-
ary combustion zone downstream of the primary com-
bustion zone. The combustor apparatus also includes 
fuel inlet means for feeding solid fuel to the primary 
combustion zone and fuel support means adjacent the 
primary combustion zone for supporting the solid fuel 
adjacent the primary combustion zone. Primary air inlet 
means are positioned upstream of the primary combus-
tion zone for mixing air with the solid fuel for creating 
a fuel-rich mixture in the primary combustion zone. 
Secondary air inlet means are positioned downstream of 
the primary combustion zone for creating a mixture 
which is at least slightly air-rich in the secondary com-
bustion zone. With this construction, as the fuel is 
burned in the primary combustion zone under fuel-rich 
conditions, the absence of sufficient oxygen in the pri-
mary combustion zone tends to prevent the nitrogen 
constituents released from the solid fuel from forming 
substantial amounts of NOx. Rather, the nitrogen con-
stituents form NO or N2, and before the combustion is 
completed in the secondary combustion zone, the NO 
compounds tend to go to N2 and 02. 
In another embodiment, the pulse combustor appara-
tus includes means for introducing a mixture of a gase-
ous, low nitrogen fuel and air to the combustion air at a 
position upstream of the primary combustion zone to 
3 
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burn the premixture together with the solid fuel. With 
this construction, as the premixture of gaseous fuel and 
air and the solid fuel burn in the combustion zone, nitro-
gen constituents which are released from the solid fuel 
during combustion combine with CH radicals available 5 
from the low nitrogen gaseous fuel and tend to avoid 
formation of NOx. 
In another embodiment, the pulse combustor appara-
tus includes a combustor tube which defines primary, 
secondary and tertiary combustion zones. Fuel inlet JO 
means are provided for feeding solid fuel to the primary 
combustion zone and primary air inlet means are pro-
vided for supplying combustion air to the combustor 
tube. Means are provided for supplying gaseous fuel for 
creating a fuel-rich mixture in the secondary zone and 15 
further means are provided for supplying secondary air 
for creating a mixture in the tertiary combustion zone 
which is at least slightly air rich. With this construction, 
NOx which can be formed in the combustion products 
of the primary combustion zone is destroyed via reac- 20 
tion with CH radicals which are generated in the fuel-
rich secondary combustion zone. To complete the com-
bustion process, the combustible products are burned in 
the tertiary, air-rich combustion zone. 
In another form of the invention, sorbert is intro- 25 
duced above the primary combustion· zone to minimize 
the emission of sulphur dioxide (S02). 
Accordingly, it is an object of the present invention 
FIG. 7 is a sectional view of a portion of the pulse 
combustor apparatus of FIG. 6; and 
FIG. 8 is a modified form of the pulse combustor 
apparatus of FIG. 7. 
DETAILED DESCRIPTION 
Referring now in detail to the drawing figures, in 
which like reference numerals represent like parts 
throughout the several views, FIG. 1 shows an im-
proved pulse combustor apparatus 10 according to a 
preferred form ofthe invention. Pulse combustor appa-
ratus 10 comprises a Rijke tube and includes a vertical 
steel intermediate tube 11 which is open at its upper end 
12 and open at its lower end 13. An upper tube 14 is 
secured to the upper end 12 of the intermediate tube and 
a lower tube 16 is secured to the lower end 13 of the 
intermediate tube 11. Lower tube 16 is generally elbow 
shaped and is connected to an acoustic decoupler (not 
shown) at the lower end of the lower tube 16. Lower 
tube 16 allows combustion air to be delivered to inter-
mediate tube 11. Likewise, upper tube 14 can be con-
nected to an unshown exhaust stack or decoupler. To-
gether, the lower, intermediate and upper tubes make 
up the combustor tube. As shown in FIGS. 1 and 5, a 
conduit 17 is secured to an underside of the elbow 
shaped lower tube 16 and a passageway 18 extends 
through the conduit 17 and the lower tube 16. Conduit 
17 is secured to the lower tube 16 by weldments 19. A 
housing 21 is secured to an underside portion of the to provide a pulse combustor apparatus which can burn 
solid fuels effectively and efficiently. 
It is a further object of the invention to provide a 
pulse combustor apparatus which can burn solid fuels 
while avoiding clogging and choking due to ash accu-
mulation and agglomeration of fuel. 
30 conduit 17 by means of fasteners 22 and 23. Fastener 23 
also secures an L-shaped bracket 24 to the housing 21. 
A variable speed, DC, geared motor 26 is secured to the 
L-shaped bracket 24 by fasteners 27 and 28. A vertical 
It is another object of the present invention t6 pro- 35 
vide a pulse combustor apparatus adapted to burn solid 
fuels while minimizing the output of NOx. 
shaft 29 is coupled to the output shaft of the motor 26 by 
means of coupler 31. Vertical shaft 29 extends upwardly 
through a bearing in the housing 21 and through a bear-
ing in the conduit 17 into the lower tube 16 and the 
intermediate tube 11. The vertical shaft 29 supports and 
drives a rotating combustion bed assembly indicated at 
It is another object of the present invention to pro-
vide a pulse combustor apparatus adapted to burn solid 
fuels while minimizing the output of S02. 
It is another object of the present invention to pro-
vide a pulse combustor apparatus which is durable in 
structure, efficient in use and economical in manufac-
ture. 
40 32. 
In the experimental embodiment actually con-
structed, the intermediate tube 11 is 1.83 meters long of 
carbon steel with an inside diameter of 0.254 meters. 
Other objects, features, and advantages of the present 45 
invention will become apparent upon reading the fol-
lowing specification in conjunction with the accompa-
nying drawing figures. 
The intermediate tube 11 was lined with a castable 
ceramic insulation 15 with a thickness of 5 centimeters. 
The insulation 15 was "Babcock and Wilcox Kaocrete 
HDHS 98 RFT" and resulted in an internal passageway 
of approximately 15 centimeters in diameter. 
BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 
FIG. 1 is a schematic, sectional view of a pulse com-
bustor apparatus according to a preferred form of the 
invention; 
FIG. 2 is a schematic, sectional view of a pulse com-
bustor apparatus in a second preferred form of the in-
vention; 
FIG. 3 is a schematic, sectional view of a pulse com-
bustor apparatus in a third preferred form of the inven-
tion; 
FIG. 4 is a schematic, sectional view of a pulse com-
bustor apparatus in a fourth preferred form of the inven-
tion; 
FIG. 5 is a schematic, sectional view of a portion of 
The rotating combustion bed assembly is adapted to 
50 support solid fuel, such as coal, at a position within the 
intermediate tube 11 to define a primary combustion 
zone 35 which is positioned approximately! of the total 
length of the lower, intermediate and upper tubes from 
the upstream end of lower tube 16. As is disclosed in 
55 U.S. Pat. No. 4,529,377 of Zinn et al., positioning the 
primary combustion zone at this position results in the 
formation of a standing acoustic mode with nodes and 
anti-nodes in the tube. At this location, the pulsations 
have both a non-zero acoustic velocity and a non-zero 
60 acoustic pressure oscillation. As disclosed in the '377 
patent, this improves the combustion process signifi-
cantly. 
the pulse combustor apparatus of FIG. l; 65 
The rotating bed assembly comprises a circular metal 
grid or grate 33 for supporting coal thereupon and the 
grid is made of #6 mesh stainless steel. It is important 
that the rotating combustion assembly 32 include a FIG. 6 is a partially cut-away, bottom perspective 
view of a portion of the pulse combustor apparatus of 
FIG. 5; 
metal grid or some type of perforated or discontinuous 
bed in order to allow air to flow through the bed to mix 
5 
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the combustion air flowing through the lower tube 16 hingedly mounted at one of its ends to sidewall 53 and 
with coal supported upon the rotating combustion bed is secured at another of its ends to sidewall 54 by means 
assembly 32. Indeed, in practice it has been found that of a latch indicated schematically at 57. Seals 58 and 59 
the acoustic velocity oscillations of the air passing over are provided between the trap door and bottom surfaces 
the coal in the coal bed are so great that instead of 5 of the sidewalls 53 and 54. 
combustion taking place only above the bed, a signifi- As shown in FIG. l, a fuel inlet means indicated at 61 
cant amount of combustion of the coal takes place is provided for feeding solid fuel to the primary com-
below the bed. The acoustic velocity oscillations cause bustion zone 35 defined adjacent the rotating combus-
flamelets to extend some several inches below the ed, tion bed assembly 32. Fuel inlet means 61 comprises a 
contrary to the overall airflow through the combustor. JO conduit 62 for delivering coal therethrough, with the 
A generally cylindrical collar 34 is fixedly secured to conduit being water cooled to prevent coal from melt-
an upper end portion of the vertical shaft 29. A number ing and sticking due to the heat given off by the com-
of carbon steel spokes, such as spoke 36, extend radially bustion in the primary combustion zone. Solid fuel, such 
from collar 34 and are positioned beneath the circular as coal, is fed to the conduit 62 by means of an auger 63 
metal, grid 33 for supporting the grid thereon. An outer 15 which is driven in rotation by a motor 64. The auger 63 
rim 37 of carbon steel is secured to the spbkes and is delivers coal from a hopper 66 and its speed is closely 
sized to be received within the inside diameter of the controlled to maintain a desired fuel feed rate. 
intermediate tube 11. With this construction, as the An inlet conduit 71 extends through a sidewall of the 
vertical shaft 29 is driven in rotation by the motor 26, intermediate tube 11 at a position generally downstream 
the spokes 36, the metal grid 33 and the outer rim 37 are 20 (above) the primary combustion zone 35. The inlet 
all driven in rotation therewith. conduit 71 can be adapted for introducing therein a 
A seal 38 in the form of a stationary ring is affixed to sorbent, such as limestone (CaC03) and dolomite (Ca-
the inside wall 39 of insulation 15. Seal or stationary C03:NgC03). Alternatively, inlet conduit 71 can be 
ring 38 comprises a circular member which has a gener- adapted for introducing gaseous fuel or additional air as 
ally L-shaped cross-section to define an upper ledge 25 required. 
surface 41 for supporting a bottom portion of the outer Having now described a first preferred form of the 
rim 37 thereon. An upstream portion 42 of the station- invention, attention is now directed to FIG. 2 which 
ary seal 38 extends inwardly from the outer wall 39 a illustrates another preferred form of the invention. In 
distance sufficient to overlap outer rim 37 so that com- FIG. 2, the construction of the overall com bust or appa-
bustion air is prevented from bypassing the coal bed by 30 ratus 10 is largely similar to that shown in FIG. 1, in-
moving through the gap 43 between the outside of the eluding the rotating combustion bed assembly and the 
outer rim 37 and the inside wall 39 of the insulation liner fuel inlet means for delivering coal to the combustion 
15. zone. However, some details have been left out for 
An unshown controller is used to control the rota- clarity of illustration. FIG. 2 shows an inlet conduit 81 
tional speed and direction of the rotating combustion 35 for mixing gaseous, low-nitrogen fuel with the combus-
bed assembly 32 to control the amount of refuse which tion air flowing through lower tube 16 and on to the 
falls downwardly through the openings defined in the primary combustion zone 35. 
circular metal grid. FIG. 3 shows yet another preferred form of the in-
As shown in FIGS. 5 and 6, a gas inlet pipe 46 extends vention in which the inlet conduit 81 is done away with. 
from outside the lower tube 16 through the passageway 40 In this embodiment, the intermediate tube 11 defines a 
18. through the lower tube 16 and into the intermediate primary combustion zone 35, a secondary combustion 
tube 11. The gas conduit 46 terminates at and communi- zone 91 and a tertiary combustion zone 93, with the 
cates with a generally circular ignitor/preheater ring secondary combustion zone being downstream of the 
47. Fuel, such as propane, which is dispensed through primary combustion zone and the tertiary combustion 
the ignitor/preheater 47 is ignited by an igniter wire 48 45 zone being downstream of the secondary combustion 
extending through a ceramic sleeve 49 which extends zone. Inlet conduit 71 is positioned to discharge fuel 
through the side of the intermediate tube 11 and the into the secondary combustion zone 91 and an addi-
liner 15. Ignitor/preheater ring 47 is positioned below tional inlet conduit 94 is positioned to discharge air into 
or upstream of the rotating combustion bed assembly the tertiary combustion zone 93. 
for igniting the fuel for start-up. 50 FIG. 4 shows another embodiment of the invention 
In the experimental pulse combustor apparatus actu- which is similar to that shown in FIG. 3, with the addi-
ally constructed, ash and other debris which fall tion of inlet conduit 81 upstream of the primary com-
through the grid are collected in conduit 17 for re- bustion zone 35. 
moval. For commercial applications, a more convenient FIG. 8 shows an alternative construction of the rotat-
means of collecting and removing debris is contem- 55 ing combustion bed 32. In this construction, the station-
plated and such is schematically illustrated in FIGS. 1 ary ring 38 has a generally U-shaped upper portion 101 
and 5. A refuse trap indicated generally at 51 is posi- for receiving a descending leg portion 102 of outer rim 
tioned below (upstream) the rotating combustion bed 37. 
assembly 32 for collecting ash, small pieces of agglom- A pulse combustor apparatus having a rotating com-
erated coal and other debris as the coal is combusted in 60 bustion bed assembly for supporting solid fuel, such as 
the combustor. Refuse trap 51 is shown in exaggerated coal, thereon provides substantial improvements over 
dimension to illustrate its construction; however, in what is known in the prior art. For example, a rotating 
practice it is important that it be configured to minimize combustion bed assembly prevents the accumulation of 
any negative impact on the pulsations. The refuse trap excessive amounts of ash and unburned material in the 
51 is positioned below an opening 52 formed in the 65 bed by agitating the coal. The rotating combustion bed 
sidewall of lower tube 16. Refuse trap 51 is generally assembly also prevents substantial coal agglomeration 
square sided, although the sidewalls, such as sidewalls in the bed. Furthermore, it results in an even distribu-
53 and 54, can be sloped somewhat. A trap door 56 is tion of the burning solid fuel and any other material 
5, 176,513 
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which may participate in the combustion process in the 
bed. This even distribution results in an improved and 
more uniform combustion process within the combus-
tion zone. As the solid fuel is fed into the combustion 
chamber by the fuel inlet means 61, and as it drops 
downwardly onto the bed, the rotation of the combus-
tion bed assembly causes the fuel to be evenly distrib-
uted across the bed. 
The rotating combustion bed assembly also enables 
the combustor to operate continuously over long peri-
ods of time without the necessity of stopping operation 
to remove accumulated ash or agglomerated coal which 
might have clogged the combustor. Also, the even dis-
tribution across the rotating bed tends to provide for 
rather constant Performance of the combustor over 
time, thereby making it easier to address the pollution 
emission problems. Furthermore, the rotating combus-
tion bed assembly provides simple means for attaining 
uniform distribution of the combustible material on the 
bed while using only one material feed port. 
The embodiment shown in FIG. 2 also offers substan-
tial performance improvements over what is shown in 
the prior art. FIG. 2 shows a configuration of a pulse 
combustor apparatus adapted for "premixing" a low-
nitrogen gaseous fuel with combustion air to control the 
performance of the pulse combustor apparatus to re-
duce NOx emissions from the combustor. In the typical 
solid fuel burning Rijke-type pulse combustors known, 
the combustion air enters the bed from below and the 
fuel is applied from the top (overfeed). The air reacts 
with the fuel in the primary combustion zone adjacent 
the fuel bed. According to the invention shown in FIG. 
2, the primary combustion airflow is premixed with a 
given flow rate of a gaseous fuel having small or no 
amounts of nitrogen (e.g., propane, methane, etc.) prior 
to entering the combustion zone to minimize the pro-
duction and emission of NOx. During combustion, the 
nitrogen constituents which are released from the solid 
fuel readily combine with the CH radicals present in the 
premixed gaseous fuel and air mixture to "tie up" the 
nitrogen and prevent it from forming NOx-
Premixing fuel also allows the combustor to be oper-
ated in a pulsating mode under highly fuel rich condi-
tions in which the combustor is essentially operating as 
a solid fuel gasifier. 
The gaseous fuel can also be used to stop the pulsa-
tions as required. For example, experience has shown 
that pulsations stop when a gaseous flame is established 
at a location below the primary combustion zone. Thus, 
by igniting the stream of injected gaseous fuel and air 
before it enters the bed, it is possible to interrupt the 
pulsations. Pulsating operation can be reinitiated by 
simply extinguishing the flame below the bed and let-
ting the premixed gaseous fuel mixture burn in the bed 
along with the coal. 
NOx emissions can also be reduced by "reburning" 
using a configuration as shown in FIG. 3. Reburning 
refers to the burning of a fuel in a secondary, fuel rich 
combustion zone downstream of the primary combus-
tion zone. In the secondary combustion zone a gaseous, 
low nitrogen fuel (i.e., a fuel which has little or no 
nitrogen content) is introduced and reacts with the 
oxygen present in the hot combustion products from the 
primary combustion zone. During reburning, NOx 
which is present in the combustion products of the 
primary combustion zone is destroyed by reaction with 
the CH radicals which are generated in the fuel rich 
secondary combustion zone. To complete the combus-
8 
tion, the combustible products which are present in the 
secondary combustion zone are typically burned in a 
third or tertiary, air rich combustion zone. This is ac-
complished by introducing additional air downstream 
5 of the secondary combustion zone for reacting with the 
combustion products of the secondary combustion zone 
in a third or tertiary combustion zone. To minimize 
formation of NOx in the tertiary combustion zone, the 
temperature in the tertiary combustion zone should be 
IO maintained below that at which NOxis formed by "ther-
mal processes". Reburning in a Rijke-type pulse com-
bustor apparatus such as that shown in FIG. 3 offers the 
advantage of minimizing NOx emissions during combus-
tion of solid fuels, many types of which typically have a 
15 high nitrogen content. The pulsations accelerate the 
mixing between reactants in the secondary and the ter-
tiary combustion zones thereby reducing residence 
times and combustion zone lengths required to com-
plete combustion in the combustion zones. In this way, 
20 the overall length of the Rijke-type combustor appara-
tus can be minimized. Pulsations also tend to enhance 
the cooling of the combustion products of the second 
combustion zone prior to their entrance into the third 
combustion zone where they react with the additional 
25 air. This tends to ensure that the combustion process in 
the tertiary combustion zone is carried out at tempera-
tures which are not conducive to formation of NOx. 
The emission of NOx from a Rijke-type pulse com-
bustor apparatus can also be minimized by a process 
30 known as "air staging" using a configuration such as 
that shown in FIG. 1. In air staging the solid fuel is 
burned in a fuel rich primary combustion zone by limit-
ing the amount of primary air introduced to the com-
bustion zone through the primary air inlet or by adding 
35 extra fuel through the fuel inlet. By having insufficient 
air at the ·primary combustion zone, the oxygen which is 
present in the combustion air tends to be consumed in 
oxidizing the hydrocarbons present in the fuel, rather 
than being available for combining with the nitrogen 
40 present in both the air and in the fuel to form NOx. 
However, there is some formation of NO which is un-
stable and which tends to go to either N2 or NOx. After 
the solid fuel has been partially combusted in the pri-
mary combustion zone, the combustion process is com-
45 pleted downstream of the primary combustion zone by 
adding additional air such as through conduit 71, to 
create a secondary, air rich combustion zone. By adding 
the necessary air at the secondary combustion zone, the 
efficiency of the overall combustion process is recap-
50 tured. The temperature at the primary combustion zone 
always is higher than the temperature at the secondary 
combustion zone due to heat losses. Because of this, it is 
possible to keep the temperature in the secondary com-
bustion zone at a low enough level to, prevent the NO 
55 from forming NOx but rather the NO tends to form N2 
and 02. It may be necessary in some applications to 
provide a source of ignition in the secondary combus-
tion zone. 
Inlet conduit 71 can also be used as shown in the 
60 configuration of FIG. 1 to minimize the emission of 
sulfur dioxide from a Rijke-type pulse combustor appa-
ratus. By introducing sorbent materials, such as lime-
stone or dolomite, to the flow of combustion gases 
downstream of the primary combustion zone, sulfur 
65 dioxide (S02) emissions can be reduced. Naturally oc-
curring limestone (CaC03) and dolomite (CaC03:M-
gC03) have been found to be good sorbents, with the 
former being better suited for atmospheric pressurized 
9 
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fluidized beds and the latter more suited to pressurized 
fluidized beds. In atmospheric pressure fluidized beds, 
the limestone is first calcined in the endothermic reac-
tion as follows: CaC03=CaO+C02. This endothermic 
reaction readily occurs at temperatures well below the 
bed temperature. The calcined limestone then reacts 
with the sulfur dioxide in the following reaction: 
2Ca0 + 2S02 + 02 = 2CaS04. 
Accordingly, it can be seen that the present invention 
provides a pulse combustor apparatus which can burn 
solid fuels effectively and efficiently while avoiding 
clogging and choking due to ash accumulation and 
agglomeration of the solid fuel. Furthermore, the pulse 
combustor apparatus minimizes the output of NOx and 
S02 while burning solid fuels. The pulse combustor 
apparatus according to the Present invention also tends 
to be extremely durable in operation, requiring less 
down time to remove accumulated debris. 
While the invention has been disclosed in preferred 
forms only, it will be understood by those skilled in the 
art that many modifications, additions and deletions 
may be made therein without departing from the spirit 
and scope of the invention as set forth in the appended 
claims. 
We claim: 
1. A pulse combustor apparatus adapted for burning 
solid fuel, comprising: 
a combustor tube having a generally circular interior 
cross-section and open ends and defining at least 
one combustion zone for burning solid fuel, said 
combustion zone being positioned to excite a stand-
ing acoustic wave in said combustor tube; 
air inlet means for supplying combustion air to said 
combustion zone of said combustor tube; 
fuel inlet means for feeding solid fuel to said combus-
tion zone: 
ing excessive accumulation of ash on the fuel sup-
port means. 
2. A pulse combustor apparatus as claimed in claim 1 
further comprising means for preventing substantial air 
5 flow between said periphery of said fuel support means 
and an inside wall of said combustor tube. 
3. A pulse combustor apparatus as claimed in claim 1 
further comprising means for collecting ash and other 
debris, said means for collecting ash being positioned 
10 below said combustion zone. 
4. A pulse combustor apparatus as claimed in claim 3 
wherein said means for collecting ash comprises means 
for discharging collected ash from said combustor tube. 
5. A pulse combustor apparatus as claimed in claim 1 
15 further comprising sealing means mounted to an inside 
wall of said combustor tube for sealing an outer portion 
of said fuel support means to said inside wall of said 
combustor tube. 
6. A pulse combustor apparatus as claimed in claim 1 
20 further comprising means for preheating and igniting 
fuel supported adjacent said combustion zone, said 
means for preheating and igniting being positioned 
below said combustion zone, 
7. A pulse combustor apparatus as claimed in claim 1 
25 further comprising means for introducing a gaseous, 
low-nitrogen fuel to the combustion air prior to said 
combustion zone to mix the gaseous fuel with the com-
bustion air. 
8. A pulse combustor apparatus as claimed in claim 1 
30 wherein said combustion zone comprises a primary 
combustion zone and wherein said air inlet means com-
prises primary air inlet means for creating a fuel rich 
mixture in said primary combustion zone, said apparatus 
further comprising a secondary combustion zone down-
35 stream of said primary combustion zone and secondary 
air inlet means downstream relative to said air inlet 
means of said primary combustion zone for creating a 
mixture which is at least slightly air-rich in said second-
ary combustion zone. 
9. A pulse combustor apparatus as claimed in claim 1 
wherein said combustion zone comprises a primary 
combustion zone and wherein said air inlet means com-
prises primary air inlet means, said apparatus further 
comprising secondary and tertiary combustion zone, 
fuel support means adjacent said combustion zone for 
supporting the solid fuel adjacent said combustion 40 
zone, said fuel support means having a generally 
circular periphery and being essentially coexten-
sive with said generally circular interior cross-sec-
tion of said com buster tube and comprising a grate 
having at least one opening therethrough located 
interiorly of said periphery, said at least one open-
ing allowing ash produced as the solid fuel burns to 
fall therethrough yet preventing the majority of the 
unburned solid fuel from falling therethrough, said 
fuel support means being rotatably mounted within 
said combustor tube; and 
45 gaseous fuel inlet means for creating a fuel-rich mixture 
in said secondary zone, and secondary air inlet means 
for creating a mixture which is at least slightly air-rich 
in said tertiary combustion zone. 
10. A pulse combustor apparatus as claimed in claim 
50 1 further comprising means for limiting the creation and 
discharge of NOx. 
11. A pulse combustor apparatus adapted for burning 
solid fuel as claimed in claim 1, further comprising: means for driving said grate in rotation; wherein the 
configuration of the grate allows the combustion 
air to travel therethrough and through the solid 55 
fuel, thereby providing efficient combustion of the 
solid fuel, and further allows the ash produced as 
the fuel burns to fall therethrough, thereby avoid-
60 
65 
means for reducing the emission of sulfur dioxide 
from the combustor apparatus comprising a means 
for introducing a sorbent to the combustion air at a 
position downstream of said combustion zone. 
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